Introduction
Toxoplasma gondii is a widespread protozoan parasite that uses felines as its definitive host, including domestic cats. Humans get infections with T. gondii mainly by close contact with the soil or accidentally ingesting water or food contaminated with Toxoplasma oocysts excreted in cat feces. 1 Upon infection with T. gondii, immunocompetent adults and children are normally asymptomatic or have mild and spontaneously resolved symptoms; for instance, fever, discomfort, and lymphadenopathy. 2 However, infection in immunocompromised patients and the fetus through their pregnant mother may result in severe and fatal toxoplasmosis. The clinical symptoms in infected fetus include intracranial calcifications, hydrocephaly, eye infection, epilepsy, abortion, and death.
1,2
Toxoplasma gondii antibodies are indicative of infection, and that infection is long lasting (generally thought to last throughout life). IgM anti-T. gondii antibodies are usually known as a marker of acute infection that appears earlier and decreases faster than IgG antibodies. IgM antibody is frequently first to be detected after the primary infection. 3 However, T. gondii-specific IgM can sometimes persist for up to 18 months after infection, giving rise to falsepositive diagnoses of acute infection when no additional tests for T. gondii-specific IgG were conducted. 2, 3 Thus, the diagnosis of recently acquired toxoplasmosis is generally based on the detection of specific IgM antibodies, followed by detecting the specific IgG antibodies 1 to 3 weeks later.
Infection by the protozoan parasite T. gondii is widely prevalent in animals and humans worldwide. 1, 4 However, little is known about T. gondii infection among children in China. Thus, the present study was conducted to detect the seroprevalence of T. gondii infection and to estimate associated risk factors among children in eastern China, aiming to attract public attention to T. gondii infection, especially in children.
Methods and materials
A cross-sectional study was carried out in Changchun, Weihai and Qingdao, China. A total of 1500 children were recruited between May 2013 and July 2014. Children who participated in health screenings in the hospitals were recruited. The purpose and procedures of the study were explained to all participants, and written informed consent was obtained from all of them. Parents/guardians provided informed consent on behalf of all child participants. The sera were collected with agreement from the volunteers. Samples of approximately 2 mL of venous blood were obtained from the participants in this study. Blood samples were left overnight at room temperature to allow clotting and centrifuged at 3000 rpm for 10 min. The sera were collected in Eppendorf tubes and stored at -208C until used.
A structured questionnaire was used to assess risk factors, which included: study area, age, sex, residential area, presence of cats and dogs at home, contact with cats and dogs, hand washing habits, source of drinking water and exposure to soil. These variables were selected based on the literature.
Sera were analyzed for the presence of IgG and IgM antibodies against T. gondii by the commercially available enzyme immunoassay kits (Demeditec Diagnostics GmbH, Germany) conducted according to the manufacturer's instructions. The IgG test kit has reported sensitivity and specificity of 98% and 99%, respectively, 5 and the IgM test kit has reported sensitivity and specificity of 100% and 99%, respectively.
Results were analyzed with the SPSS 19.0 software package. For comparison of the frequencies among the groups, the MantelHaenszel test, and the Fisher exact test when indicated, were used. Bivariate and multivariate analyses were used to assess the association between the characteristics of the subjects and the T. gondii infection. Variables were included in the multivariate analysis if they had a P value of equal or less than 0.25 in the bivariate analysis. Adjusted odds ratio (OR) and 95% confidence interval were calculated by multivariate analysis using multiple, unconditional, logistic regression. A P value less than 0.01 was considered statistically significant in the multivariate analysis.
Results and discussion
In this cross-sectional study, we found an overall 15.13% (227/ 1500, 95% CI=13. T. gondii is an opportunistic pathogen, and the T. gondii antibody seroprevalence increases with age because as persons become older they have had more time to become infected with T. gondii. In the present study, increasing rates of T. gondii infection have been found, but the difference between different age groups was not significantly different (P=0.852) ( Table 1 ). However, the T. gondii IgM seroprevalence significantly increased with age, which suggested that acute T. gondii infection may be serious in the study areas. An increasing number of pet cats and stray cats may contribute to the high rates of acute T. gondii infection.
Felids play a vital role in the transmission of T. gondii as the only definitive hosts of the parasite. Infected cats are considered to be a potential threat to public health because they can shed and excrete environmentally resistant oocysts in their feces. 1, 10 Domestic cats are one of the most close companions of humans. Contact with cats has not been found to be a risk factor so much as contact with cat feces or soil that cats have defecated in. 1 In this study, we found that raising cats at home seemed to be a main risk factor for children to acquire T. gondii infection (OR=1.936, 95% CI=1.288-2.912, P=0.002) ( Table 2) . Considering the climatic conditions in the study area, which were suitable for sporulation of T. gondii oocysts, it seemed possible that exposure to cat feces or contact with soil or water contaminated with T. gondii oocysts was one of the most significant factors associated with T. gondii infection during childhood, because children usually live and play very close to the soil and water. Therefore, the similar incidence rate of seropositivity between boys and girls in China is likely explained by such a route of transmission. Soil contact has been strongly associated with T. gondii infections, as the suspected source of outbreaks was the oocysts from soil. 1, 2 There was no association found in this study between contact with soil and T. gondii seroprevalence in multivariate analysis, but there was an association in univariate analysis (Table 1) . Moreover, hand washing habits have been proven to be a protective factor associated with T. gondii seroprevalence (OR=0.382, 95% CI=0.230-0.635, P<0.001) ( Table 2) . Further studies are necessary to estimate the prevalence of T. gondii oocysts from soil and water in public schools and parks in the local area.
In conclusion, using cross-sectional methods, the present study revealed for the first time that childhood infection with T. gondii is common in China, and raising cats at home was a risk factor and hand washing habits were a protective factor associated with T. gondii seroprevalence. However, our study has some weaknesses: the results would only apply to the studied areas of China, and may not represent China as a whole. Further studies should be conducted to estimate the prevalence of T. gondii infection in children in other provinces of China. Moreover, The study used volunteers who were not representative of the general population for these age groups. Undoubtedly, the present data indicate substantial rates of toxoplasmosis and a need to enforce methods of control and preventive measures against T. gondii infection in China, especially among children. Keeping good personal hygiene and eating habits are definitely crucial ways for school-aged children to protect themselves from T. gondii infection. Educational intervention is also a very effective measure to instruct schoolchildren on the route of infection in avoidance of T. gondii infection. In addition, teachers as well as parents play an important role in guiding children to maintain good personal hygiene and eating habits, all significant measures to further decrease T. gondii infection. Table. 
